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SPECIFICATION 
1. TITLE OF THE INVENTION 

KNITTED GOODS CHARACTERIZED BY VARIABLE AMOUNT OF LIGHT 
TRANSMISSION 

2. WHAT IS CLAIMED IS: 

(1) Knitted goods characterized by variable amount of 
light transmission formed by cross-knitting: 

the moisture responsive crimped composite fiber 
containing a non- toque crimp obtained by forming a crimp 
through side -by- side compounding of two or more synthetic 
fibers having different moisture absorbencies , wherein the 
difference between the dry crimping rate and wet crimping 
rate is greater than the aforementioned wet crimping rate by 
30 % or more,- and 

the non-moisture responsive fiber less subjected to a 
change in length between the states of being dry and' wet; 
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wherein the wale and/or course on at least one side of 
said knitted goods is formed of the stitch made up of only- 
said non-moisture responsive fiber at appropriate intervals, 
and the dimensional change rate in the wet state does not 
exceed 3.0%. 

(2) The knitted goods described in Claim 1 wherein said 
moisture responsive crimped composite fiber is a composite 
fiber made up of the denatured polyethylene terephthalate 
formed by copolymerization of 5-sodium sulf oisophthalic acid, 
and nylon 6 . 

3. DETAILED DESCRIPTION OP THE INVENTION 
(INDUSTRIAL FIELD OF APPLICATION) 

The present invention relates to knitted goods 
characterized by variable amount of light transmission. 
(PRIOR ART) 

A natural fiber such as cotton and wool has been known 
to have its crimping rate reversibly changed by a change in 
humidity. 

However, the change in crimping rate has been so small 
that it can be identified only in the fiber aggregate 
characterized by smaller inter- fiber restriction as 
exemplified by bat wool such as bedding and pillow, and 
cotton wadding such as cold weather protection clothing. 
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The cotton swells by absorbing moisture and causes an 
increase in the apparent cover factor of the fabric. The 
cotton goods knitted to a high density absorb moisture to 
increase the cover factor of the stitch and are dried to 
increase air-permeability. However, the knitted goods of 
cotton having the aforementioned properties are not capable 
of such a big change as reversible change in the amount of 
the light transmission. 

In the meantime, it is known that reversible change in 
crimping rate of the synthetic fiber can be achieved by using 
an acrylic synthetic fiber as a bat wool and by drying it, as 
disclosed in the Unexamined Japanese Patent Application 
Publication No. 55-93860 (Tokkaisho) . In this case, this 
fiber is used as a bat wool, not used as the knitted goods 
having a structure capable of causing positive change in the 
amount of light transmission. 
(OBJECT OF THE INVENTION) 

The object of the present invention is to provide new 
knitted goods characterized by variable amount of light 
transmission obtained by using the moisture responsive 
crimped composite fiber capable of causing a reversible 
change in the crimping rate between the states of being wet 
and dry. 
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(Construction of the Invention) 

The present invention provides knitted goods 
characterized by variable amount of light transmission formed 
by cross-knitting the moisture responsive crimped composite 
fiber containing a non-toque crimp obtained by forming a 
crimp through side-by- side compounding of two or more 
synthetic fibers having different moisture absorbencies , 
wherein the difference between the dry crimping rate and wet 
crimping rate is greater than the aforementioned wet crimping 
rate by 30 % or more; and the non-moisture responsive fiber 
less subjected to a change in length between the states of 
being dry and wet; wherein the wale and/or course on at least 
one side of said knitted goods is formed of the stitch made 
up of only said non-moisture responsive fibers at appropriate 
intervals, and the dimensional change rate in the wet state 
does not exceed 3.0 % . 

The moisture responsive crimped composite fiber used in 
the present invention is formed by side -by- side compounding 
of two or more synthetic fibers having different moisture 
absorbencies, and is preferably exemplified by the one having 
been formed by side-by-side composite spinning of a specific 
polyamide component and polyester component. 
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In particular, nylon 6 (having a limiting viscosity [r(] 
of 1.0 through 1.4 when measured by an m-cresol solution at 
3 0 °C) is preferably used as the polyamide component. The 
denatured polyester formed by copolymerization of 5 -sodium 
sulf oisophthalic acid is given as an example of the polyester 
component, and the one without the amount of copolymerization 
of 5 -sodium sulf oisophthalic acid exceeding 15 mol % is 
employed. The amount of copolymerization of 5 -sodium 
sulfoisophthalic acid is preferably 1 through 7 mol % in 
particular. If required, a matting agent, coloring agent, 
antistatic agent and heat stabilizing agent can be added to 
both components. 

The moisture responsive crimped composite fiber used in 
the present invention is required to have the difference 
between the dry and wet crimping rates which is greater than 
the aforementioned wet crimping rate by 30 % or more. It 
should be noted that, in the present invention, the crimping 
rate (TC) is measured according to the following procedure: 
Crimping Rate (TC) 

A crimped composite fiber thread strip is placed on a 
skeining device having a length of 30 cm, and is dipped in 
boiling water with a load of 2 mg/de applied thereto. After 
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having been subjected to natural drying for 24 hours, the 
strip is placed under a load of 200 mg/de, and is left to 
stand for one minute. After that, the length is measured, 
and the measurement is assumed as £ x . Then the strip is left 
to stand under a load of 2 mg/de for one minute, and the 
length is measured. The measurement is assumed as £ 2 . Thus, 
the crimping rate is measured according to the following 
formula : 

I -£ 

TC x 2. x ioo (%) 

£ 1 

In the embodiment, the wet crimping rate denotes the 
crimping rate measured according to the aforementioned 
procedure after the test object has been left to stand for 
two hours at 3 0 °C with a relative humidity of 90 % RH. The 
dry crimping rate denotes the crimping rate measured 
according to the aforementioned procedure after the test 
object has been dried in a constant -temperature dryer for 30 
minutes at 60 °C. 

If the difference between the dry and wet crimping 
rates is below 30 %, the moisture responsive crimped 
composite fiber is less subjected to a change in shape, and 
the object of the present invention cannot be achieved. 
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Further, the moisture responsive crimped composite 
fiber contains a non-torque crimp. The non-torque crimp is 
obtained by processing the spun and drawn composite fiber by 
a heated fluid push- in nozzle. The form of the crimp 
obtained in this procedure is characterized in that there is 
little difference in the form (pitch and amplitude) of the 
crimp among the short fibers constituting the yarn. Further, 
there is little confounding of the short fiber without 
runout, with the result that torque does not occur. These 
properties are much different from those of the false-twisted 
textured yarn . 

The non-moisture responsive fiber used in the present 
invention is characterized in that there is substantially no 
difference in yarn length between the fiber under dry 
conditions and that having been left to stand under wet 
conditions. This fiber is exemplified by a long continuous 
fiber made up of 100 % synthetic fiber, false twisted 
textured yarn, spun yarn, mixed yarn with natural fiber, or 
spun yarn made up of 100 % natural fiber. 

Knitted goods of the present invention are obtained by 
cross-knitting of the aforementioned moisture responsive 
crimped composite fiber and non-moisture responsive fiber. 
At the time of knitting, the wale and/ or course of the 
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knitting fabric must be formed of the stitch made up of only- 
said non-moisture responsive fiber at appropriate intervals. 

The following describes the knitting procedure with 
reference to drawings: 

Figs. 1 through 3 are the texture charts representing 
the examples of the textures that can be used in the knitted 
goods of the present invention. In these drawings, the 
column of Ci, C 2 , ... C n denotes the stitch (indicated by 
"x") knitted by the cylinder needle. The column of Di, D 2 , D 3 
... D n denotes the stitch (indicated by "0") knitted by the 
dial needle . The numeral on the right indicates the type of 
the yarn. "1" indicates the yarn formed of the moisture 
responsive crimped composite fiber. "2" indicates the yarn 
formed of non-moisture responsive fiber. In Fig. 1, the 
stitch is knitted by the cylinder needles C 1; . . C 4 using the 
yarn 2 of non-moisture responsive fiber, and a broad stitch 
is formed by the cylinder needles C 5 , ... C B . The wale of 
the non-moisture responsive fiber alone is formed on the side 
of the cylinder needle stitch. Further, the row of letters 
a, b, c, ... on the left indicates the course of the 
knitting fabric. Fig. 1 shows the stitch of the row of i, j, 
... £. The one knitted by the dial needle (marked by a 
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circle) uses the non-moisture responsive fiber 2. 
Accordingly, the wale indicated by the column of Ci, ... C 4 
on the side of the cylinder needle stitch and the course 
indicated by the row of i, j, ... I on the side of the dial 
needle stitch are knitted by the stitch formed of only the 
non-moisture responsive fiber 2 . Although they are produced 
by the cylinder needle stitch and dial needle stitch, they 
forms a grid- like skeleton in the directions of wale and 
course. 

Similarly, in the example of Fig. 2, the wale by the 
cylinder needle stitch of Ci, C 2 , ... C 4 and the course of e, 
f , ... h by the dial needle stitch are knitted by the non- 
moisture responsive fiber 2, whereby the similar skeleton is 
formed. 

In the example of Fig. 3, the wale by the cylinder 
needle stitch of C 5< C 6 , ... C 8 , the course of row of 1 and 
the course by the dial needle stitch on the row of e, f, ... 
h are knitted by the non-moisture responsive fiber 2, whereby 
the similar skeleton is formed. 

It should be noted, however, that the. knitted goods of 
the present invention are not restricted to the examples of 
the aforementioned Figs. 1 through 3. 
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A 25 cm x 25 cm piece of cloth is prepared as a sample 
of the knitted goods knitted in this way, and a mark is 
applied to the position of 20 cm x 20 cm in longitudinal and 
lateral directions . The dimensional change rate in the wet 
state is calculated as follows, using the dimensions of the 
cloth when the marked position is dry as well as when it is 
wet : 

Dimensional change rate (%) = ^ w - L ^ x 100 (%), 

Ld 

wherein L D denotes the dimension in the longitudinal or 
lateral direction when the sample has been left to stand in a 
constant -temperature dryer at a relative humidity of 60 
percent for 30 minutes, and L w indicates the dimension in the 
longitudinal or lateral direction when the sample has been 
left to stand in an environment of 3 0 °C with a relative 
humidity of 90 percent for two hours. 

The dimensional change rate (%) obtained by the 
aforementioned procedure must not exceed 3.0 % in either the 
longitudinal or lateral direction. 
(OPERATION OF THE INVENTION) 

The knitted goods of the present invention are 
structured as described above, and therefore, the structure 
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of the knitted goods undergoes a change by absorbing moisture 
or water. 

To be more specific, when moisture or water is 
absorbed, spaces are formed among the yarns constituting the 
knitted goods. This causes the amount of gas transmission to 
be changed. Thus, the amount of light transmission is 
increased, or is reduced when dry. Moreover, this, change 
occurs in reversible manner. 

When moisture or water is absorbed, the apparent 
diameter of the yarn is reduced by a decrease in the crimp of 
the aforementioned moisture responsive crimped composite 
fiber, with the result that spaces among yarns are increased. 

The yarn is elongated with the decrease in the crimp, 
the density of the stitch is changed and three-dimensional 
spaces are produced between the "hashi???" and yarn. 

When moisture or water is absorbed, a concave -convex 
structure is produced on the surface of the knitted goods, or 
is intensified if there is any. When the moisture responsive 
crimped composite fiber and non-moisture responsive fiber are 
dyed differently, a change in the coloring effect can be 
achieved under the influence of the effect of the 
aforementioned concave - convex structure as well. 
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Such a woven fabric is preferably used for interiors 
and agricultural purposes, as well as for sports wears and 
summer wears, because a change in air-permeability resulting 
from change in the structure of the knitted goods provides 
the knitted goods with the excellent function that has never 
been found in the conventional products . This function is 
effectively used to adjust the humidity inside the clothes 
when sweating at the time of physical training. 
(Embodiment) 

The nylon 6 having a limiting viscosity [r|] of 1.0 
(when measured by an m-cresol solution at 3 0 °C) and the 
denatured polyethylene terephthalate having a limiting 
viscosity [n] of 0.4 (when measured by an o-chlorophenol 
solution at 25 °C) and formed by copolymer! zat ion of 2 . 6 mol 
% 5 -sodium sulf oisophthalic acid were subjected to 
compounding and spinning by the normal method at a spinning 
temperature of 280 °C at a spinning speed of 500 meters per 
minute using a side-by-side type spinning nozzle (48 
orifices) , wherein the compounding ratio of both components 
is 1 to 1 (in terms of specific weight) . This material was 
drawn by 3 . 5 times on a continual basis at a temperature of 
80 °C and was subjected to heat treatment in a tightened 
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state at 13 0 °C. After that, this material was put through a 
heated fluid push- in nozzle on a continual basis at a 
temperature of 190 °C, wherein crimp development processing 
was carried out. This was wound up as a crimped textured 
yarn. 

In this embodiment, the discharge rate was adjusted so 
as to get about 150 deniers subsequent to processing. The 
dry crimping rate of the moisture responsive crimped 
composite fiber obtained in the aforementioned procedure was 
22.2 % and the wet crimping rate was 8.4 %. 

This moisture responsive crimped composite fiber and 
conventional polyester false twisted textured yarn (150 de/48 
fil, with a dry crimping rate of 25.0 %) were knitted 
according to the knitting texture and yarn arrangement of 
Fig. 2. This material was finished by the dyeing finishing 
process basically consisting of a processing sequence of 
scouring, dyeing and final setting. Table 1 shows the 
external view and performances of the knitted goods produced 
in this manner. 

For the sake of comparison, knitted goods were produced 
using the aforementioned moisture responsive crimped 
composite fiber in the same procedure as the embodiment, 
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wherein the knitting texture used is shown in Fig. 2 (wherein 
only the yarn arrangement is ignored, and only the moisture 
responsive crimped composite fiber is used for yarns 1 and 
2) . Table 1 also shows the external view and performances of 
the knitted goods produced in this manner. 

To provide another comparative example, knitted goods 
were produced using the aforementioned false twisted textured 
yarn in the same procedure as the embodiment, wherein the 
knitting texture used is shown in Fig. 2 (wherein only the 
yarn arrangement is ignored, and only the false twisted 
textured yarn is used for both yarns 1 and 2) . Table 1 also 
shows the external view and performances of the knitted goods 
produced in this manner. 
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Table 1 





No. 


1 


2 


3 


Knitting 
specification 


Knitting 
texture 


Deformed 
3 ingle bag 
tnitting 
(Fig. 2) 


Same as the 
left 


Same as the 
Left 




Yarn 

arrangement 


Bicomponent 
filament yarn 
(150 de/48 
fil) as a yarn 
(1) 

Polyester 
false twisted 
yarn (150 
de/48 fil) as 
a yarn (2) 


Bicomponent 
filament yarn 
(150 de/48 
fil) as both 
the yarns (1) 
and (2) 
100 % used 


Polyester 
false twisted 
yarns (150 
ae/48 fil) as 
both the yarns 
(1) and (2) 
100 % used 


Finished 
density cpi 
wpi 


36 
30 


36 
30 


35 
30 


Change in the 
wet state 


External 
appearance 


A concave - 
convex 
structure is 
produced by 
uplifting of 
the 

bicomponent 
filament yarn. 


The concave - 
convex 
structure is 
reduced. 


Almost no 
change in 
concave- convex 
structure 


Light 

transmission 
rate (%) 
Dry- 
Wet 


3 
12 


2 

18 


4 
6 


Change rate in 
dimensions 
when wet (%) 
Longitudinal 
Lateral 


1.5 
2.3 


8.0 
13.2 


0 

1.2 




Embodiment 


Comparative 
example 


Comparative 
example 


In Table 1, the bicomponent f 


ilament yarn denotes the moisture responsive 



crimped composite fiber and the polyester false twisted yarn indicates 
the non-moisture responsive fiber. 

The following procedure was used to measure the light 
transmission. 
Light Transmission 
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A sample was put into the film inlet of the 
photoenlarger, was enlarged eight times and was printed on 
photographic paper (wherein the portion subject to light 
transmission was printed in black) . The printed photographic 
paper was measured by color-difference meter having a 
diameter of 27 mm to get the value L. 

The following formula was used to get the light 
transmission rate: 



Li: Value L obtained in the aforementioned procedure 
(obtained for both the wet and dry states) after the sample 
has been put into the film inlet, wherein the value for the 
wet sample is obtained by measurement after dipping the 
sample in water for 30 minutes and sucking water gently 
thereafter. 

L w : Value L obtained in the same procedure by inserting 
black thick paper into the aforementioned film inlet. 

L B : Value L obtained in the same procedure without 
inserting any thing in the inlet. 

As will be apparent from Table 1, in the knitting 
procedure No. 2, the change rate in dimensions is too large, 



Light 




wherein 
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even when the moisture responsive crimped composite fiber is 
used. This will result in a failure to meet the requirement 
of not exceeding 3.0 %. In the case of the yarn No. 3, a 
change in the amount of light transmission is too small to 
get the knitted goods of the present invention. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 through 3 are drawings showing the texture that 
can be used in the knitted goods of the present invention. 

1 .... Moisture responsive crimped composite fiber 

2 Non-moisture responsive fiber 

Fig. 1 

Fig. 2 

Fig. 3 



